Solutions posted Name:

Practice: Forces and Torques Date:

1. Copy these new physics facts into your booklet:

e The sum of the forces on a rigid body is always in the same direction as the translational
acceleration of its center of mass. (CM)

o IfEF =0, the CM of the rigid body remains at rest or translates with constant
velocity.
o If LF # 0. the CM of the rigid body translates with constant acceleration.

e The sum of the torques on a rigid body about point O is always in the same direction as the
angular acceleration of the rigid body about point O.
o IfZt = 0. the rigid body remains at rest or rotating with constant angular velocity.
o It Xt # 0, the rigid body 1s rotating with angular acceleration.
e Static equilibrium means that the rigid body remains at rest. For an object in static

equilibrium, SF =0and It = 0.

2. Turn to Analysis Problem 1, and do part (¢). Parts (a) and (b) are not necessary for doing part (c),
S0 once you read the problem statement, you are ready to answer (c).
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3. A 40 kg child is running towards a playground merry-go-round with a
speed of 3.0 m/s as shown in the aerial-view picture. She plans to jump on
the edge when she reaches it. The merry-go-round has a diameter of 4 m

and a mass 520 kg.

a. Sketch and translate by adding information to the picture.

b. Calculate the angular momentum of the child about the center of the merry-go-round when she is
at the position shown in the diagram. Include the direction (state CW / CCW or set up a coordinate
system and give a unit vector)
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c¢. Calculate the angular momentum of the child about the center of the merry-go-round when she
just reaches the edge of the merry-go-round. Include the direction (state CW / CCW or set up a
coordinate sy 5lem and give a unit vector)

Sines. T only deperda 30 Vo5 10,00d V) and ot thane
e the Seme UShen Shi Yeachaa e c.»(f;e.)

= QU0 kA ch

\




—

Recall that for a point particle, the force organizer had these three columns: Force vector F , X-= =
axle

scalar component F,, and y-scalar component F,,. For a rigid body, the force organizer has one

additional column for the scalar component of the torque vector, because a rigid body could be )
rotating! Each torque in the force organizer must have a + or — sign that is consistent with the

rotational coordinate system you have set up. % om
. » -
4. A pulley of mass 300 g has an outer diameter of 8 cm. and an inner diameter of i\cm.
A 10 N force is applied to the other diameter as shown, and a 5 N force 1s applied to th 3 X
inner diameter as shown. The pulley is mounted on fixed axle. System: pulley T 7
2
| a. Complete the force diagram for the pulley. (Add to the picture provided.) o E
' b. Complete the force F F, F, T
izer for the pulley. — g *
organizer for the pulley T T T ()] 03

(This requires first setting up ——
an x-y coordinate systemand | T4
—

| : :
| a rotational coordinate
system.)
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¢. The pulley is not translating because its axle is fixed. Calculate the force exerted by the axle on §

the pulley (magnitude and direction). Z%:Q on pulley = DN+5N + (.%k{DUO @
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d. Calculate the sum of the torques on the pulley (include direction as CW or CCW)
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5. A wood beam of length 6 m and mass 200 kg is attached to a wall by a hinge at

one end and a rope at the other end. The tension in the rope is 2000 N and it makes
an angle of 307 with the beam as shown in the picture. The beam remains atrest. £
System: wood beam &

a. Is the beam in static equilibrium?__ |2/
s the sum of the forces on the beam equal to zero? |\ Rt

[s the sum of the torques on the beam equal to zero? Néa

b. Draw a force diagram on the picture provided. (Hint: There should be 3 force vectors. Do your s
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c¢. Complete the force organizer
for the system.
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d. Calculate the sum of the torques exerted on the beam about the hinge. Show work.
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e Calculate the force exerted by the hinge on the beam (magnitude & direction). Show work.
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